Frames 


( dL6pth) (j-OX- l$J j)l_J j-UCLUj qA JjS I qA J ^U-Loi^liJ ^ >-\.-xlU«.U Cj L^OJLO 

(Main girders) -> (deflection) J3I J3I 

—Types of Frames 

1 —Three hinged Frame. 

2 — Two hinged frame. 

3— Fixed Frame. 

4 — Cantilever Frame. 

5— Continuous Frame. 



- Three hinged Frame is usually used For spans (1 2 -^20m) 

— It is better for weak soil [ determinate structure]. 

—Concrete Dimensions 


30 cm 

jJlS^ I LclCu I 

spacing 
20 
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-Statical System 


o 


X > 


■?//))/, 


X//////////Z 

A 


777^77)777/ 


* — x 


V 


\v 


■ blfrp* VI ^jUJJ (Frame) 

(uniform stress) <jJLc. ^ U^iu l_> 



V 


'R. c. 


b p.c. 


X 



Moment due to vertical reaction (y) =Moment due to hz 
Reaction( x) 

y*e=x(t Rc + t pc ) = — ► 

—Steps of design 

1 —Get the loads on Secondary beams from load 

distribution and get their reactions on the frame. 

2 — Get the distributed loads on the frame. 


w =y c b(t-t s )*1 .40+ Ufe 


3— Draw B.M.D , N.F.D. , S.F.D. of the Frame 
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4— Design section ( 1 — 1), (2—2) and get Rft. 


fjJo Lo (Df ,B2 ) 1 j-clSI) I ij I 

( Out side Plan)o\^>3\ (Buckling length) ^yBz(B 1 )*j^\ - \ 
L a L^ aX w U (f Tames ) J I J a - u jilu jib j I ( B 2 ) 'hLo^jJ I - Y 
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R.F.T. of the Frame 


to 


to 
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Two Hinged Frame 



— Two Hinged Frame is used for span (12 —**25) 


—Concrete Dimensions 


t= 


L 


12-14 


b= 


30 cm 

spacing 

20 




—Statical System 


x 


///?///}///, 


///F//)///z 


x 


V 


I 


t v 


q L<L<^aJ ( £ ) L>JJ (Frame) jlc. 1 

(uniform stress) <jJx. ^lionb 




Moment due to vertical reaction (y) =Moment due to hz 
Reactin( x) 


y*e=x(t Rc + t pc ) 

Steps of design 


e= 


%(t R,cf~ tp.c.J 


y 


1 —Get the loads on the secondary beams from load 
distribution and get their reactions on the frame. 

2 — Get the distributed load on the frame. 

w u =y c b(t—t s )*i .40+ ws 


3— Solve the frame using virtual work Method 

OR Moment Distribution Method. 

4— Draw B.M.D , N.F.D. , S.F.D. 



5— Design sections (1 — 1 ), (2— 2), (3— 3) and get rft. 
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t/4 t/4 

L( 12—25m) 


to 



g 
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R.F.T. of the Frame 
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(o. i-o. 2 )A 


Fixed Frame 



—Concrete Dimensions 


t= 


L 

14-16 


b= 


30 cm 


spacing 


20 


—Statical System 


x — ►. 


M 




M 


◄ X 


y\ | y 

^ojjj (@) t L9Lwj-o (Frame) jlc. 1 ^ jJta 

(uniform stress) <jJx. ^ Uau L> 


'R.c. 


b p.c . 



e 
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Yasser M. Samir 



Moment due to vertical reaction (y) = Moment due to hz 
Reactin(x)+ Moment due to (M) 

y*e=x(t Rc + t pc )+M 

Steps of design 

1 —Get the loads on the secondary beams from load 
distribution and get their reactions on the frame. 

2 — Get the distributed load on the frame. 

w u =y c b(t-t s )*1.40+± ggta- ws 

3— Solve the frame using virtual work Method 

OR Moment Distribution Method. 


x(t r c+tp.cJd-M 

V 


4 — Draw B.M.D , N.F.D. , S.F.D. 



5— Design sections ( 1 — 1 ), (2— 2), (3— 3), (4— 4) and get rft. 
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R.F.T. of the Frame 


(Z-Z)oaS 


- 1 g I - 
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v(zo-ro) 


Solved examples on frames 


Example 

For the given plan and cross— section, M 

it is required to: 

1— Draw structural plan and cross section 

to show all concrete elements. 

2 — Design the slabs and Main supporting 

given 

f cu =z 7. 5N/mm f y =360N/mm 2 

F. C. = 1.5kN/m 2 L.L. = 1 .OkN/m 2 

Solution 



£ 

O 


18 m 


( 6 . 50 ) 


( 0 _ 00 ) 

Sec. (1 — 1 ) 


1 —Design for solid slabs: 


U =- 


L< 


300 


= 1 2.50cm 


24 24 

take t s = 12cm for all slabs (check deflection) 
w=1.4(t s 1 c +F.C. )+ 1 .6L.L. 


= 1 . 4[0. 12*25+1. 5]+1. 6*1.0 
w sv =7. 90 kN/m 2 

Design of strip 
Sec. (1-1) 


7. 9 OkN/m' 


3.00 3.00 


3.00 


2.96 


7.11 


5.93 


5.93 



7. 1 1 


5.93 


5.93 


100=c nlUj<FF5 c ' = 6 - 22 ■ J=0 - 826 

.6 


i4 c - 


7 . 11*10 


0 ., 8 2 , 6 * 1 00 *36,0 

ay any. tzz KL — 


= 239 mm 
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I- 


1 


I 





(09 9 ) ' (09 9 ) 


Take ^4s — 5 <P8/m ' for all slabs 


2— Design for secondary beams 


For B 


i 


1 5. 1 8 kN/m' 




w 


1 = y c b(t—t s )*1 .4+w 


L< 


s_ 

s 2 


6.00 


6.00 


A 


3.0 


w 1 = 25*0. 25 ( 0.5 — 0. 1 2)*1 .40+7.9* ^ 
w 1 =15. 1 8 kN/m' 

R =w 1 * Spacing 


Ri 


R^15. 18*6=91. 05kN 


For B 2 

1 

w 2 = y c b(t—t s )*1 .4+w s .L s 
w 2 = 25*0.25(0.5-0. 1 2)*1 .40+7 .9*3.0 

w 2 =27. 03 kN/m' 

R =w * Spacing 


27. 03 kN/m 




6.00 


6.00 


R* 


R 2 =27. 03*6=1 62. 1 5kN 


3— Design of Main System 


assume 


b=30cm , t= 


L 


18 


12-14 12-14 


= 1 . 40m 


W e q=0 W+ fT 


162 . 1 5 * 5 + 91 . 05*2 


w =25*0. 3*(1 .4-0.1 2)*1 .40+ 

eg ' 7 18 

vg q =68. 60 kN/m ' 

h=6. 50+1 .50-0.30-0.60- 1 f =6. 40m 
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9 1 . 05/cN 


1 62. 1 5kN 


91 .05 kN 


68. 60kN/m' 




I b =349*10 4 *1 .02*1 ,4 s 
/, =0. 098m 4 

b 

tf _0.3*( J- *1.40f 

Ic ~ 1 ~2 " T2 

I c =0.03 9 7m 4 
For Joint a 


B=6t s + b=1 . 02m 


0. 12 


1.40 


0.30 


t s 0.12 
t 1.40 


=0.086 


bp Q.3 
B ~ 1.02 


=0.29 




0.75( I c /h) 
(0.75^-)+(0.5 J f r ) 

0 . 75 *( 0 . 0397 / 6 . 40 ) 

0 . 75 *( 0 . 0397 / 6 . 40 )+ 0 . 50 *( 0 . 098 / 1 8 ) 


D.f =0.63 

J ab 


a 


* 


6 . 


40 


y//7///)///z 


///Ml//// 


18.00 
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Design of Sections 


Sec. (1 — 1) 


M ul =1 166. 89kN.m 


N ul =617.64kN.m 


b=300mm , 


t= 1 400mm 


300 


5 . 


M u .i 


n' 



1400 


N, 


u. 1. 


Wc 


cu 


M„ 


u. 1. 


617.64*10 

300*1400*27.5 

1166.89 


0.05>0.04 (Dont neglect N ul ) 


N, 


u.l. 


617.64 


1 .89m 


1.89 


^~= 14Q =1-35 > 0.5 ( big eccentricity) 
e s =e+-L--c=1 .89+ ^i^Q-O.I =2. 49m 


M us =6 1 7. 64 *2. 49= 1 537. 9kN. m 


d=C 1 


Mus 

b*f 

u Jcu 


1300=0., 1 537.9*1 0 6 

/ 300*27.5 


C 1 =3.01 & J =0.7 52 


_ Mus _ N US 

s T. dj y 7y77 s 

= 1537. 9*10 6 

s 0.752*1 300*360 


617. 64*1 0 3 
360/1.15 


A =24cm Z = 7022 
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Sec. (2-2) 


M ul = 1 1 66.89kN.m 


N ul =209.81 kN.m 


b=300mm , 


t= 1 400mm 


N U.I. 209.81*10 


bit 


CU 


= wumm^? r 5 =0 018<0.04 ( neglect N ul ) 


d=C. 


Mu. i. 


b*f 


CU 


i3oo=c . : 


i 


11 66.89*1 O' 
300*27.5 


C 1 =3.46 Sc J =0.7 7 8 



A = 1166.89*10 

5 0.778*1300*360 


A =32. 05cm =9022 

s 


Sec. (3-3) 


m u .l =161 1 . 4kN. m 


N ul =209.81 kN.m 


b=300mm , 


t= 1 400mm 


N u .i. 209.81*10 


Wc 


CU 


= 300*1400*27.5 =0.018<0.04 ( neglect N ul ) 


B= 


1 6ts+b=1 6*1 20+300=2220mm 

<0 — *&=6000mm 

KL 0.76*18000 

— - — + b= +300= 3036mm 


B=2220mm 



d=C< 


Mu. i. 


3 1 / B *f 
1 300=C< 


CU 


161 1 .4*1 0 6 


'1/ 2220*27.5 

A = 161 7.4*70 * S 

s 0.826*1 300*360 


C 1 =8. 0 & J =0.826 


-41+6 8cmi=9025 in Mostafa & Eng. Yasser M. S 


amir 


Check Shear 


Q C r Qmax w ( g ~f~ ^ ) 

Q =526. 59-58. 51 ( 1 4° 

^ cr '2 

Q =447. 60kN 

^ cr 

= Qc rr_ = 447.60*1 0 3 = 
qsu bd 300*1300 


+L30 , 

2 J 

1.15 N /mm 2 



0.24 


27.5 

1.5 


1.03 N /mm 2 


Qcu 


<q u <q 


umax 


q =0.7 3^^- =3.00 N /mm 2 

1 max \j 1 5 ' 

™ q cu _ riA s fij /is 

qu 2 bS 


assume n=2 


4 * =7 8.5mm 2 =01 0 


1 1.03 _ 2*78.5*240/1.15 

‘ 2 300*S 


S=1 72mm 


No. of stirrups/m'= ^ =5.8 Take Stirrups 6010/m' 
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R.F.T. of the Frame 


0.30 
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Example 


For the given plan and cross— section , 
Columns are only allowed on the outside perimeter 

it is required to: 

1— Draw structural plan and Elevation 
to show all concrete elements. 

2 — Design the slabs and Main supporting 
element. 

Use Blocks( 200*200*400 ) 

0. W.(blocks)=0. 15 kN /block 




CO 

CO 


20m 


( 6 . 00 ) 


( 0 . 00 ) 

Sec.(l-I) 


given 

f cu =30N/mm f y =360N /mm 2 F.C.= 1.5kN/m 
L.L. =2. OkN/m 2 


Solution 

For one way H.B. Slabs. 


assume t — 250mm Sc ts =5 Omm Sc h =20 Omm 


w ul = 1 A(ts\+fm + 2bh\ + 1 0*wt. of Block)+ 1.6 L.L 


w =1 .4(0.05*25+1 .5+2*0. 1 *0.2*25+1 0*0.1 5)+1 .6*2.0 

u.l 

w = 10.55 kN/m w .= 5.27kN/m 

u.l rib / 

15.81 


15.81 18.97 
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18.97 


7.9 



5. 2 7 kN/m 

5 


i I I i i i i i i i i i i — r 

A 

+ a n a; n 



Design of Sections. 


Sec. (1-1) 


M u .i.m 1 8.97kN.m 
d= 25 0—30= 220mm 


d = a 


M u . l. 


A* - 


feu * ^ 

M u . 1. 


220= C. 


1 


1 8.97*1 0 6 
30*500 


C-, =6.2 
J =0.826 


J fyd 


18.97*10° 

360*0.826*220 


— 290mrn/rib 


1 pi 2-h 1 pi 6 /rib 


Sec. (2-2) 


M u .i.= 15.81 JcN. m 


d = Ci 


Mu. i. 


A, - 


f cu* b 

Mu. 1. 


J fyd 


Sec. (3-3) 


220= a 


1 


15.81 *10 6 
30*500 


C 1 =6.8 
J =0.826 


15.81*10° 

360*0.826*220 


— 242mrn/rib 


1 pi 2+ 1 pi 6 /rib 


M u .i.= 7. 9 JcN. m 


d = Ci 


Mu. 1. 


A* - 


feu* b 
Mu. l. 


220= C. 


1 


7.9*1 0 6 
30*500 


C 1 =9.5 
J =0.826 


7.9*10 


J fyd 


360*0.826*220 


= 121 mrn/rib 


2p1 0/rib 
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option 


6. Om 


6. Om 



20. Om 


Design of Main System 


Assume 


b=35cm 



L 

14-16 


— 1 . 5m 


w=o.w+w s *S 

o. w. =25*0. 35(1 .5-0. 25)* 1 .40=1 5. 3kN/m 
w=1 0.55*6+1 5.3 = 78.6 kN/m 



B=2*solid part= 60cm 



0.40 


Relative Stiffness, D.F. 

T b 


u 

t 

b_ 

B 


0.25 

1.5 

0.3 5 

0.6 


=0.17 Old 

tables page 91 ^ 

=0.58 


-600 


I b =600*10 4 *0.6*1.5 3 = 0.121 m 4 

T T _ bt 3 _ 0.35*1. 5 3 
1 c In — 


12 


12 


— 0.098 m 


4 


K 


ab 


Ic 

h 


0.098 = 
6.35 N 

\ 

\ 


0.015 


(j-J LS j j ^ I I I Jim- ^ 

girder J! C.L. I jlc. I ^aJ I j 


K 


act 


1_h _ 1 * 0. 121 
2 L 2 20. 0 


= 0.003 


D.F, 


ab 


K ab 

R ab K a £ 


0.015 

0.015 +0.003 


0.833 
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Fixed End Moment 


M 


wL 2 

12 


78.6 *20 2 
12 


2620 kN.m 


B.M.D. 



X=5 17.2 kN 



ZLoacLs 

2 


78.6*20 

2 


=786 kN 


517.2 kN 



(-) 


(-) 


(-) 


786 kN N F D ^86 kN 


786 kN 



S.F.D. 
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Sec(l-l): R-Sec M ul =21 82.5kN.m , d=1400 , b=350mm 


N =517.2 kN 

u. 1. 

^u. I _ 51 7.2*1 0 _ q q35>0 Q 4 ( neglect N.F. ) 

feu* bt 30*350*1400 


d=C 1 


Mu. L 
b*f 

J cu 


1400=0. J EEElEEIFL c. =3.07 J=0.75 

1 V 350*30 1 

, 2182. 5*10 6 


s 0.75*1400*360 

A =5773mm 12025 

s 


Sec(2—2 ): R—Sec M uL =21 82.5kN.m , d=1400 , b=350mm 

N =786 kN 



786*1 0 3 
30*350*1400 


0. 053>0. 04 


use N.F. ) 


M u j 2182.5 
Nfl 786 


2.78m 


?-= 2 - 78 = 1 ,85>0. 5 
t 1.5 


=> Big ecc. 


t 


e s =e+^-c 


2. 78 + If - — 0.1 = 3.43 m 


M US =N U i *e s = 786*3.43=2696kN.m 


d = Ci 


M 


us 


feu b 


1 400=C 1 


1 2696*10 
30*350 


C 1 =2. 78 
J=0. 7 1 
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5023 mm? 


A M us N u ,i 

s f v J d fy/ Ys 

5696*?0 S _ 756*? 0 3 

s ~ 360*0.71*1400 360/1.15 

cJzBcJc Asmin 

A = — bd= 1711 mm 2 
smin t 

Jy 

Sec(3—3): T-Sec M ul = 1747.5kN.m 


11025 


d=1 400 


N =517.2 kN B=600mm 

U. 1. 

Neglect N 


1400=C 1 


1747 . 5 * 1 0 6 
V 600*30 



1747 . 5 * 1 0 6 
0 . 82 * 1400*360 


C 1 = 4.49 J=0. 82 


— 4228mrn 


9025 


Sec(4—4): R-Sec M ul =1091.3kN.m , d=1400 , b=350mm 


N =786 kN 

u.l. 

— NuM — = 786*1 0 3 = 0 053 > 0 Q4 ( use N.F. ) 

F cu * bt 30*350*1400 

e= MuX = 1091.3 = 1 39m e = J_39 = 0 93 

Nu.l. 786 t 1-5 

=S> Big ecc. 


t 


e s = e 9 2 


= 1.39 +14-0.1 = 2.04 m 


M us —N u i *e s =786*2.04=1 603kN.m 


d = a 


Mn 


US 


' y fcu b 


1400=/ 


1603*10 


6 


30*350 
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C-J =3.58 
J=0. 78 



1566 mm 2 


_ M U s 
s “ 


N 


u. 1. 


fy/l: 

1603*10 


5 

6 


A s = — 

360*0.78*1400 

check Asmin 


786*10 

360/1.15 


A = — r— bd= 1497 mm 2 O.K. 


smin f 


y 


Check Shear 


Q cr -Qmax~ w ( EFT + 


) 


Q =786- 78. 6( J-IO +IAO ) 

^ cr ' p p ' 


Q =679. 9kN 

^ cr 


4su= 


Q 


cr 


bd 


679.9*1 0 
350*1400 


= 1.39 N/mrn 


q =0.24 

J-CU \ 


30 


1.5 


= 1.07 N /mm? 


q cu <q u <q 


umax 


5022 


a =0.7,1 -22- =3 . 13 N/mm 2 

1 max y 1 5 ' 

™ 4 CU _ TiAs fj /is 

qu 2 bS 

assume n=2 A s =78. 5mm 2 =01 0 


1.39 


1.07 _ 2*78.5*240/1 .1 5 
2 350*S 


S= 1 09mm 


No. of stirrups/m = - =9. 1 


Take Stirrups 1 001 0/m' 
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R.F.T. of the Frame 


p 

Oo 

O! 


12025 


Co 

CO 

o 


c a 


tv> ^ 

Oi ^ 
O 

3 N> 


4 


o 


4016 



4 \ 

— V 

O} 


O 

00 



6025 


Kd f\o 

Oi is. 
O 

3 ^ 


5022 


V • • • 1 






— ^ 


— i 





Ch 

o 
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Example 


For the given plan and cross— section, 

it is required to: 

1 — Draw structural plan and cross 

section to show all concrete elements. 

2 — Design the main supporting 

elements. 

gVVeTi Use all Sec. Beams 25*50 
f cu =25N/mm f y =360N /mm 2 


8 4 8 


o 


I I 

I I 

-1 L_ 


I- 


8 


8 


F. C. — 1.5kN/m* 


L.L. = 1 .OkN/m 


Sec. (1 — 1 ) 

clear height=5.5m 


Solution 

t s = F? = 1 0cm For sky light t S = 44P =1 1 ,43cm 

Take t s =10cm For all slabs except sky light, 
take t S =1 2cm 

For t s =12cm w su —1 .4[t s y c +F.c.]+ 1 .6 L.L. 

w su =1.4[°. 12*25+1 .5]+ 1 .6*1 =7.91 kN/m 2 

For t s =10cm w=1.4[0.10*25+1.5]+1.6*1=7.2kN/m 2 


1 —Analysis of Beams 
For B, 
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(00 6 ) 




TO 

<e 


TO 

Csi 




CM 

O 

o 


p! 

o 

o 
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w a =lcb(t— t s )* 1 . 40+ C a -jf-w s 

=25*0. 25 [0.5-0. 1 0]*1 .40+0.6* 4?-*7 .20 
w a =1 2.1 4kN/m ' 

w a =1 2.1 4kN/m' 

R 1 =12.1 4*5=60. 7kN II I I I I 1,1 I IX 


60. 70kN 


For B z 



w a =y c b( t — t s )*1.40+C a -=Fw s *2 

=25*0. 25[0. 5-0. 1 0 ]*1 .40+0.6*^— *7.20*2 
w a =20. 78kN/m 

R z =20. 78*5=103. 9kN w a =20.78kN/m' 

I I I I I I I I I I I I I I I 

zi zS^ 

A 

For sky light i03.90kN 


For Bo 

w a =25*0. 25 [0. 5-0. 1 2]*1 .40+0.6* -^-*7.90 
w a =12.81 kN/m 
R 3 = 1 2.81 *5=64. 03kN 

For B4 

w a =25*0.25[0.5-0. 1 2]*1 .40+0.6* -^-*7.9*2 
w a =1 9.1 3kN/m' 



R 4 =1 9. 13*2=38. 25kN 
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For Frame( 1 ) 


b=30cm 
20 


P 1 P 2 P 3 P 3 P 2 P 1 


t 


1 .5m 


12-14 

P 1 =60. 70kN , P 2 = 103.9kN ~^~^4 

P 3 =R 1 +R 3 +R 4 + o.w of Post 

=60.7+64.03+38.25+0.25*0.25*25*1 .4*2 
P 3 = 1 67.36kN 




7 . Om 


4 4 


I, A 


vj a =w e =1cb(t-t s )*1 .40+ 


w. 


4*2*0. 5*8 


=25*0. 3[1 .5-0. 1 ]*1 .40+ 2 0 

w a —w e =26.22 kN/m ' 


Pi 


*7.2 


P 2 


P 3 


P 3 


P Z 


1 b 2 
^b2~ 


363*10 4 * 0.9*1 . 5 3 


Pi 



L 


bl 


° 3* JT =0 - 084m 4 


0.11m 


4 


I = 0_im6+am4M =0.1 Omf 
av. 20 
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= 0.68 


D f = 0/75^1049/7} 

ab 0.7 5(Q^19)+ O.S(%L) 



594.16 
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Sec(l-I) 


Nu 

bt feu 


594.1 6*10 3 
300*1500*25 


=0.053>0.04(Dont neglect N) 


e= 


N 


1366.67 

594.16 


=2. 3m 


-j- — f ? = 1 .5>0.5 (big eccentricity) 
t 7 • 

e s =ed -J- —c=2. 3-h^iy*- —0. 1 =2. 95m 


M us =N*e s =594. 16*2. 95= 1 752.87kN.m 


1400=C 1 


1 752.87*1 0 6 
300*25 


C 1 =2.90 


J=0. 73 


1 752.87*1 0 6 
s 0.73*1 400*360 


594; 16*1 Q 3 
(360/1.15) 


=28. 58cm 2 


8022 


Sec. (2-2) 


N 

^ feu 


1 95.24*1 0 3 
300*1500*25 


=0.01 7<0.04 


(neglect N) 


1 400=C 1 


1 366.67*1 0 6 
300*25 


C 1 =3.28 



1 366.67*1 0 6 
0.77*1 400*360 


=35.37 cm 2 


J=0. 77 


10022 


Sec . (3-3) 

R—Sec b=300mm , d=1 400mm 

, M u i =1 698.81 kN.m, N . (neglected) 

(R-Sec) Sec(3-3) 




By Eng. Ezz El-Din Mostafa & Eng. Yasser M. Samir 


44 


1500 


1 400=C 1 


1 698.81*1 0 6 
300*25 


C 1 = 2.94 J=0. 74 



1 698.81*1 0 6 
0.74*1 400*360 


=45. 76cm 2 


10025 


Check Shear 


Q cr -Qmax~ w ( + -7T 




Q =533- 26.2( 14^-+ ) 

^ cr ' p 2 / 


Q =495 kN 

^ cr 






cr 


su 6d 


g =0.24 

^cu \ 


495*10 3 
300*1400 


= 1.18 N /mm? 


25 


1.5 


=0.98 N/mmf 


Qcu 


umax 


q =0.7.1 25 =2.86 N/mm 

- 1 max \J 15 


™ cu _ jy /is 

qu 2 bS 

assume n=2 


As =78. 5mm 2 =01 0 


1.18- 


0.98 _ 2*78.5*240/1 .15 


2 


300*S 


S= 1 58mm 


No. of stirrups/m = ^ =6.3 Take Stirrups 7010/m' 
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20. 00m 



R.F.T. of the Frame 


p 

Co 

o 
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4022 


Example 


For the given plan and cross— section, 

it is required to: 


1 — Draw structural plan and cross 

section to show all concrete elements. 

2 — Design the slabs and Main 
supporting element. 

given Use Sec. Beams 25*50 

f cu =25N/mm f y =360N/mm 2 


F. C. = 1.5kN/m k 


L.L. = 1 . OkN/m* 


20m 


( 8 . 00 ) 


20.00m 


2 


o 

>o 



( 6 . 00 ) 


( 0 . 00 ) 


Sec. (1 — 1 ) 


Solution 




cv 

C/1 










strip 1 

\ 

^ a 

13' 

\ 

L“LL. 

jr\v~ 

r=1 .08 
a = 0.36 

P =0.34 


Li O 
















5m 

5\m\ 

5m 

5m 
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4*5. 00=20. 00m 



pi 

pi 

o 

o 

o 

o 
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( 6 . 00 ) 


1 — Design of slabs 


t s =-jg- = 11.11cm 

Take t s =12cm For all slabs 
w su—1-4[t s Yc+F- c - ]+1-6 L.L.CosQ 
w su =1 - 4 [°- 1 2*25+1 .5]+1 .6*1 .0*0.98 
w su =7.87 kN/rn 



Q = 1 1.31 
Cos 0=0.98 


Strvp( 1 ) 

Sec. (1 — 1) d= 1 20—30=90 mm 


90 


C i If 000* 25 C 1= 5A4 J = 0 826 



a — 6 - 83*1 0 —255mm 2 /m' 

s 0.826*360*90 7 

^4 S =5<p 8/m ' 


2.85 



Strip(2) 


2. 83kN/m 


7.08 5,90 

Sec. (1-1) d=1 20-20=1 00 mm 


5.90 


100 = C i 10°0 8 0*2°5 C i= 5 - 3 J =°- 826 


A 


1000*25 
7.08*10 [ 


=238mmir /m' 


s 0.826*360*1 00 

— 5 Cjp>‘ 8/fa ' El-Din Mostctfa & Eng. Yasser M. Samir 


II II II II II II II II II II 

1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Mill 1 1 1 1 1 1 

A 

. 5.00 

Z 



5.00 

A 

, 5. 00 

^ i 

i 

2.95 1 

X 1 

X 

5.90 

y\ 

5.90 

y\ s 







2— Analysis of Beams 



Assume beams(25*50) 

=y c b(t-t s )*1 ,40+C a -jf-Ws 

=25*0. 25 [0. 5-0. 1 2]*1 .40+0.5* f-*7. 87 
w a — 13.1 6kN/m ' 

w a =1 3.1 6kN/m ' 


5 


1 


65.81 kN 



w, 


a 


w a 


= Jc b(t-t s )*1.40+C a w s *2 

=25*0. 25 [0. 5-0. 12]*1 .40+0.5* -§-*7.87*2 
=23kN/m' 

w a —23kN/m ( I 

i i i i i i i _i i i i i i _ i r 

A 25 ZS 

t 

115kN 
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3 -Analysis of Main system 



Load For Shear —Load for Moment 
W a =w e = To b(t-t s )*1 .40+ sfn w s 

=25*0. 3[1 .6-0. 1 2]*1 .40+ 6 jffl 8 *7.87 

w a =w e =35. 6kN/m' / / 5 fcjV 



we have to use virtual work method in this example, 
because if we use moment distribution , we have to 
make sway correction. 

By Eng. Ezz El-Din Mostafa & Eng. Yasser M. Samir 




8/o = 


Mn Mi 
El 



M ! 2 
El 


Ir 


_0.3*( “f- *1.6 f 
12 


=0. 059rn 


4 =vBt 3 *10 


=341 *1. 02*1 . 6 3 *10 4 =0. 1 43m 


B=6t s + b= 1 . 02m 

\ 0. 12 

r 


1.60 


-I 1- 

0.30 


t s 0.12 
t ~ 1.60 


=0.075 


bp Q.3 
B ~ 1.02 


= 0.29 


5 io = --^— 2224.2*7+2224.2 *-&- ] *2 



2 *5.10 r35.6*5.1 *5 * n i *? 2 * 5- 1 0 r 35.6*5. 1 *5 7 ^ 7*0 

3 E c I b L 8 b.hUJ 2 3 Ec j b L q 7.bJ 2 

B -1 996962.567 
8/0= % 

5 / ? — — *^ r -[ 6 * 6 ]* 2 +-^-*^ E [ 6 2 + 8 2 + 6 * 8]*2 


5 ii 


9478.44 

E c 
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hi 04- x bi i — o 


1996962.567 


+ 


9478.44 

E„ 


X=o 


X=2 1 0. 68kN 


217.87 



601.43 


15.07 
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Sec(l-I) 


Nu.l. _ 601 .43*1 0 3 

b t f cu 300*1600*25 


=0.05>0.04(Dorit neglect) 



1264. 1 1 
601.43 


=2. 1 0m 


e _ 2.1 
~T~ 1.6 

e s =e+-J- 

M us=N u fe s 


1 .3>0.5(big eccentricity) 

c=2. 1 +Up- -0. 1 =2. 80m 
■601 .43*2.80=1 685. 1 1 kN.m 


1 500=C 1 


1685. 1 1*10 6 
300*25 


C, =3. 1 6 


J=0. 76 


1685.1 1*1 0 6 
s 0.76*1 500*360 


601 .43*1 Q 3 
~360/T7T5 


21 ,96 cm 2 


6022 


Sec. (2-2) 


Nux 

b * fcu 


31 1 .63*1 0 3 
300*1600*25 


=0.02<0.04 (neglect N) 


1 500 =C 1 


il 264.1 1*10 6 
! 300*25 


C 1 =3. 65 J=0. 79 



1264.11*10 6 
0.79*1 500*360 


=29.67 cm 2 


8022 
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Sec(3-3) 


N u i =2 1 7.87kN (neglect N) 

M^i =1280. 1 2kN.m 


■-/ 6*1 20+300=2220 


B= 


5000 

0.76*20.4*1000 +300=3400 
o 


B=2220mm 


1 500 =C 1 


1 1220 . 12 * 1 0 6 
I 2220*25 


C 1 =9.88 J =0.826 



1280. 1 2*1 Q 6 
0.826*1500*360 


=28. 70cm 2 


8022 


Check Shear 

Qcr=Qma^ w [2- + 4 ^ C ° S 9 

Q cr =483. 93-35. 6[ 1 -^-+ 1 -^ ]Cos 0 
Q w =429.79kN 

= _gc, = 429. 79*1 Q 3 _ 0 96N/mrn 2 
q su bd 300*1500 


q cu =0.24 ]j-f ^ =0.98N/mm 


^,<q 


su ^ cu 


508/m ' 
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R.F.T. of the Frame 
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R.F.T. of the Frame 


Example 


For the given plan and cross— section, 

it is required to: 


1 — Draw structural plan and cross section 
to show all concrete elements. 



05 


2 — Show how to solve the main system \ 20 m 


r 

I 


(r_5°) 

( 6 . 00 ) 


( 0 . 00 ) 


Sec. (1 — 1 ) 


Solution 


1 —Design for solid slabs: 

t s =-^-= ^S- = 14.2 cm 
s 20 35 

take t s = 15cm for all slabs (check deflection) 


Strip( 1 ) 


(lw su kN/m' 

A A 


Strip(2) 


5 . 00 



II II II II II II II II II II 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

nun 

A 

, 7.00 

z 



£ 

7.00 

, 7.00 

Z 

^ I 




EE 

A 1 
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*n f p irKTI^ 




_Bi/ Eng. Ezz El-Din Mostafa & Eng. Yasser M. Samir 


Sec Beams 


( 7 . 60 ) 



7.00 



Plan 
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2— Design for secondary beams 


For B 1 vj 1 


w 1 = J c b(t-t s )*1.4+w s ~~ 

R 1 =w * Spacing 

3— Design of Main System 

assume b=30cm , t= ^ 2—1 
w eq=°- w+ - E f- 


R 1 2R 1 2Rj 2Rf R 1 




— — — "7T — — — — — A 

6.00 , 6.00 f 


R-j 



w eq = kN/m 




(-) 


(-) 


N.F.D. 


(-) 




\\W^Wx\W 


By Eng. Ezz El-Din Mostafa & Eng. 


Yasser M. Samir 



Example 


For the given plan and cross— section, 

it is required to: ^ 

Draw structural plan and cross 
section to show all concrete elements. 



S 

o 

CO 


18 m 


( 9 . 00 ) 
v — 



Sec. (1 — 1 ) 
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Sec Beams 


( 9 . 00 ) 




1 8 . 00 m 


By Eng. 


Ezz 


El-Din Mostafa & 


Plan 


M. 


S amir 



Example 


For the given plan and cross— section, 

it is required to: 

Draw structural plan and cross 
section to show all concrete elements. 


©n 


13.5m 

©“ 


( 8 . 50 ) 

v 

( 6 . 00 ) 
v — 


Sec.(l-I) 
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30m 


-nT S3 ? <rp 75P ir^Ti^ 
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Post 



i 

B 

5 (25*50) 

— 

^ 

I 










B (25- 

-5 

0) 







to 












t\D 



Co 


Ch 

Co 


O 


* 

O 


* 



* 






o 











o 




o 









C 












I 
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(8.50) 


Example 


For the given plan and cross— section , 

it is required to: 

Draw structural plan and cross 
section to show all concrete elements. 


©n 


18m 




( 7 . 50 ) 

( 6 . 00 ) 
v — 


Sec.(l-I) 


By Eng. Ezz El-Din Mostafa & Eng. Yasser M. Samir 


30m 


*n r r ir^Ti^ 
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Plan 



pi 

o 

o 


pi 

o 

o 




o 
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( 7 . 50 ) 


Saw Tooth Supported on a system 


<jf > ^ I cu Jiu ^ I Jl>. I j Liio bu l_9 |» W ^<o j_*5^ I o JLclC- ^ I (juj ai L« j-cJ I Cju IS" I j I 

(Saw tooth) oUjIj J: ^iJ I J^- 1 ' cL ^j 


Example 

For the given plan, it is required to: 

1 —Choose the suitable system to cover 
this Area. 

2— Design all Slabs and draw plan of Rft. 

3— Design the main supporting element 
and draw details of Rft. 


North 


20.0m 


54m 


F.C. = 1 . 5 kN/m 2 ,L.L=0.5 kN/m 2 
f cu =25 N/mm z , f =360 N/mm 2 

t/ 

Columns are only allowed on perimeter 


Solution 

t — ^7J =4 1 . 94cm 
7 o 

take t=25 cm [20cm+ 5cm] 



Q=tan 1 (-Jr~r: )=26.57 
b.U 


Wsv^l .4( t s 1c+F. C. + 2bh Y c + 1 0*wt. of block ] + 1 .6L.L. Cos0 


w su =1 .4(0.05*25+1 .5+ 2*0.1 *0.2*25+1 0*0. 1 5]+ 1 .6*0.5*0.89 
Wsu—8. 06 kN/m 2 


w su/Rib =0. 5*8. 06=4. 03kN/m' 
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Jjk* Jao (Frame) b&t 



tOtO 

CO c*. 



r 
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KEY PLAN 




\ ^ 

$ $ 

II 




B( 250*500) 


n 
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(00 6 ) (00 6 ) 





£ec. ( 1 - 1 ) 



99 n -r 1 20.28*1 O b 
L H 500*25 

a = 20.28*1 0 6 

s 0.826*360*220 
A s =2 <p 1 6/rib 


C 1 =5.46 J =0.826 


=3. 1 Ocm 2 /rib 


Sec. (2-2) 


^4 S =2 <P 1 0/rib 

2] Reactions of slabs on beams 

\ 

R=y=w su -L- kN/m 
R=y=8. 06*6. 71/2=27. 04 kN/m 

t V 

3] Analysis of Ridge beam(250*400) 



w=R+ o.w kN/m 

w=27. 04+0. 25*0. 40*25*1 .40 
w=30. 54 kN/m 

R 1 =30. 54*2. 5=76. 35kN 

4] Design of Posts 


30.54 kN/m' 


"7T A 

2.50m 2.50m 4 


Ri 


R =R. + o.w of Post 

pi J 
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4013 


R = 76. 35+ 0. 25*0. 25 *3 *25*1. 40=82. 9 1 kN 

p 

82.91 *1 0 3 =0. 35*250*250*25+0. 67 A f 

^7 


0.25 


0.25 


A s =-ve 


A s =401 3 


5]Design of main system 



Wf =o.w.+y+ 


ZR 


p 


Span 


kN/m 


w f =0.30*1 .50*25*1 .40+27.04+ 
w f =75. 95kN/m 


8*82.91 

20.0 



82.91 /2kN 


82.91 /2kN 



7 5. 9 5 kN/m' 



-\^+- 


1.50 


L = 0.3 


* 


1.5 _ 
12 


0. 084m 


-i-*' 50 


0.3 


Ic = 


0.30*( -§- *1.50 )' 


12 


I c =0. 049m 


4 
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For Joint a 




0. 75(_ I_c/h) 

(0.75^-)+(0.5 J f r ) 

0 . 75 *( 0 . 049 / 6 . 00 ) 

0 . 75 *( 0 . 049 / 6 . 00 ')+ 0 . 50 *( 0 . 084 / 20 ) 


l CL 




D.f =0.74 D.f =1-0.74=0.26 

ab ac 

F. E.M. =75. 95*20 2 /l 2=2532 kN 




759.5 


759.5 
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20.00 


Design of Sections 


Sec. (1-1) 


M ul =1 87S.44kN.Tn 


N ul =759.50kN.m 


b=300mm , 


t=1 500mm 


300 



-L 

M u . 

. 

n' 



1500 


N, 


u. 1. 


btfc 


cu 


M, 


2 = 


u.l. 


759.50*10 c 
300*1500*25 

1873.44 


0.068>0.04 (Dont neglect N ul ) 


N. 


u. 1. 


759.50 


=2. 47m 


2.47 


-j—= i =1 .64 >0.5 (big eccentricity) 

e s — c=2.47+ ^^-0.1=3. 12m 


M us =759.50*3. 12=2367. 1 2kN.m 


d=a 


ti- 


ns 


1 V b*f 


cu 


1400=cJ 2367J_2^1_T C.=2.49<2.78 take d= 1600mm 


300*25 


e s =e+^--c=2.47+ 1 ClO 


0. 1 =3. 22m 


M us = 759. 50 *3. 22=2445. 59kN. m 


1600=5 


1 


2445.59*1 0 6 
300*25 


C 1 =2.80 & J=0. 72 


ti- 


ns 


N 


us 


J.d.f 


A_ = 


f /y 

J y / 's 

_ 2445.59*1 Q 6 


v 


0.72*1 600*360 


759.50*10 

360/1.15 


A =34. 75cm = 1 0022 
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Sec. (2-2) M ul =1873.44kN.m N ul =312.24kN.m 

b=300mm , t=1 700mm 


K.i. 

Wen 


31 2.24*1 0 3 * S 
300*1700*25 


=0.024<0.04 ( neglect N ul ) 


d=C 1 


Mu. L. 
b*f 

J cu 


1 600=0, Um-4_4*±0 6 _ 
1 V 300*25 


C 1 =3.20 & J=0. 76 





A = 1873.44*10 6 

s 0.76*1 600*360 

A =42. 75cm 2 = 12022 

S 


Sec. (3—3) M ul =1 924.06kN.m N ul =31 2.24kN.m 

b=300mm , t=1 700mm 


N, 


u. 1. 


Wc 


cu 


312.24*10 

300*1700*25 


d=a 


Mu. i. 


1 V b*f 

J cu 


1600=C. 


1 924.06*1 0 6 


' 1 / 300*25 


0.024<0.04 ( neglect N ul ) 


,M U . i 


1.70 


c i = 3.16 & J=0. 76 


N 


-M- 


A = 1_924J)6^u7_ 

s 0.76*1 600*360 

A =44.1 1 cm 2 = 1 2622 

S 
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Check Shear 


Q cr - Q‘. 


max 


nM / c , d \ 

w( ^ + ~z } 


Q rr =759.5—75.95( //+ N4 ) 


2 


Q =634.1 8kN 

^ cr 


q = %- = 634.18*10 =1 32 N/', 

H su bd 300*1600 7 


mm 


q =0.24 

4-CU \ 


25 


1.5 


=0.98 N/mrri 


q cu <q u <q 


umax 


q =0.7 =2.86 N /mm 

2 max \1 5 ' 


4 U 


4 cu _ riA s jy / y s 

2 bS 


assume n=2 


4? =78. 5mm 2 = 01 0 


1.32- 


0.98 _ 2*78.5*240/1.15 


2 


300*S 


S=1 31 . 59mm 


No. of stirrups/m = = y q Take Stirrups 8010/rri 
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R.F.T. of the Frame 


Example 


North 


For the given plan, it is required to: 

1 —Choose the suitable system to cover 
this Area. 

2— Design all Slabs and draw plan of Rft. 

3— Design the main supporting element 
and draw details of Rft. 

F.C. = 1 .5 kN/m 2 ,L.L=0.5 kN/m 2 

f cu =25 N/mm 2 , f =360 N/mm 2 

Columns are only allowed on perimeter 


Solution 

SCO 

t s =23. 33cm 

t s = Dfr = 1 6.00cm 

min O 

take ts = 16 cm (Check def.) 

vo su =1 ,4[t s y c +F.c.]+ 1 .6 L.L.CosQ 
w^ 1 .4[0.1 6*25+1 .5]+ 1 .6*0.5*0.89 

vj su = 8. 4 1 kN/m 2 



1.06 8.50kN/m 
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Sec. (1-1) 


140 -q /f&y.ff ' J=0-807 

A — 28.90*1 0 6 =7 1 0mm? /m 

s 0 807*360*1 40 / //6 

4 S =7<p 12/m 
Sec. (2-2) 

A s = 5 <p 8/m ' 

2] Reactions of slabs on beams 

ZM a =0 

8.41 *5. 60*5. 0/ 2+ 8. 50*0. 5*5. 25= R* 5. 00 
R=28. 0 1 kN/m 
2 y=o 

8. 4 1 *5. 60+ 8. 50*0. 5=R+y 
y=23. 34kN/m 

\y 

3] Analysis of Ridge beam(250*400) 


8.50kN/m 



vu=R+ o.w kN/m 

vu=28. 01 + 0. 25*0. 40*25*1 .40 
w=31 .51 kN/m 

R-, =31 .51*3. 0=94. 53kN 

4]Design of Posts 


31.51 kN/m 


— — — -zr — — — — — a 

3.0m 3.0m & 


Ri 


R =R. + o.w of Post 

pi J 
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0.25 


R =94. 53+ 0. 25*0. 25*2. 5. *25* 1.40=1 00. OOkN 
v 

1 00.00*1 o 3 = 0.35*250*250*25+ 0.67A f 
A s =-ve A s =401 3 

5]Design of of Y—beam 


w v = 0 . w.+y+ ^ JcN/m 

Span 

w y =0.25*0. 60*25*1 . 40+23. 34+ 
w y =61 . 9 2 JcN/m 


2 * 100.0 

6.0 


0.25 




R y =61 .92*6.0=371 .54 kN 


61.92kN/m ' 

1 1 i i i i i i i i i i i i i 

A A A 

, 6. Om 6. Om j 

Ry 

6 jAnalysis of End beam 

w v i =o.w+y kN/m 

w vL =0.25*0.60*25*1 .40+23.34 

w V L =28.59kN/m 

R vl =28.59*6.0=171 .54kN 


R 


t 


P 


Rp 

4- 


R. 


■P 


Rp 

=4 


6. Om 


6. Om 



28.59kN/m' 


— — — — TT — — — — — 

6.0m 6.0m A 


Rvl 
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7]Design of Main system 


o.w. =0.30*1 .70*25*1 .40 
o.w. = 1 7.85kN/m 


-M- 


1.70 


I b = 0.3*1/-=0.123m 4 


For Joint a 


1 71 .54kN 


371 ,54JcN 


6 


r 

o.w. 


n 



-J 

L. 



i 


^ 

' 


2 


1 71 ,54kN 


00 




777777777777 

L. 


'/////)/ 


D 0. 75 f I c /h) 

' ab (0.75^-)+(0.5^~) 

D _ 0. 75*(0. 071/6. 00) 

ab 0.75*(0.071/6.00)+0.50*(0. 123/20) 


D.f =0.72 

J ab 


20. 00m 


77777777777 / 




-jO*1.70 


0.3 


Ic = 


I c =0.071 m 


a 


0.30*( -jj- *1.70 )' 


12 


6.00 


* 


///£//)//// 


///£//)//// 


20.00 
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359.78 


907.35 


(-) 


(-) 


N.F.D. 




nX\\\\\\\\\\ 


735.81 


(-) 

\\wwW 


907.35 



Design of Sections 

Sec . (7-7J M ul =2158.67kN.m 


b=300mm , 


u.l. 

t=1 700mm 


N ul =907.35kN.m 




Mu. 

. 

n' 



1500 


W~ = 3^rfm^5 =0.071 >0.04 (Dont neglect N ul ) 


M. 


u. 1. 


2158.67 


N u . l 

e _ 2.37 
t 1.70 

e s =e+\ 


:2.37m 


907.35 

= 1.39 > 0.5 (big eccentricity) 


c=2.37+ 1^-0. 1=3. 12m 


M us — 907.35*3. 1 2=2832. 07kN.m 


d=a 


M- 


us 


1 V b*f 


cu 


i6oo=a 


i 


2832.07*1 0 6 
300*25 


C 1 =2.60<2.78 take d— 1 800mm 
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e s =e+4—c=2.47+ J-g^-0.1 =3. 32m 
M us =907. 35*3. 32=301 2. 40kN.m 


1800 = 0,1 301 2.40*1 0 6 _ 
1] l 300*25 

A _ MllS _ Nus 

s J.d.f f / y 
J y J y / s 

A = 301 24.40*1 0 6 _ 

s 0.72*1 800*360 

A =35.1 8cm 2 = 10622 

S 


C 1 =2.84 & J=0. 72 


907.35*1 0 3 
360/1.15 


Sec. (2-2) M ul =21 58.67kN.m N ul =359.78kN.m 

b=300mm , t=1 900mm 


N u ,. 

Won 


359. 78*1 o 3 
300*1900*25 


=0.025<0.04 ( neglect N ul ) 


d=c 1 


Mu. L. 
b*f 

J cu 


1800=0,1 2158.67*10 6 
1 V 300*25 


C 1 =3.36 Sc J=0. 77 




1.90 


N 




*Mu.i 


A = ,2/58. 67* ?Q 6 
s 0.77*1 800*360 

A =43. 16cm 2 = 12022 

S 


Sec. (3-3) M ul =2449. 23kN. m 


N ul =359. 78kN.m 


b=300mm , t= 1 900mm 
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1.90 


d=C 1 


Mu.i. 

b*f 

J cu 


1800=0.1 2449.23*1 O e c.=3.15& J=0.76 

1] l 300*25 1 

, _ 2449.23*1 Q * * S 6 


s 0.76*1 800*360 

A =49. 96cm 2 =1 U25 

S 


Mu.l 

A 


N 


vm 


Check Shear 


Q cr ~Qmax~ W ( ^ + f/ ) 
Q cr =735. 81-17. 85(1 . 90 


2 


+ U80 } 
2 J 


Q =702. 79kN 

^ cr 


q 702.79*10 =1 31 N/ , 

Hsu bd 300*1800 


mm 


q =0.24 

T-CU \ 


25 


1.5 


=0.98 N/mrrL 


q cu <q u <q 


umax 


q =0.7. — =2.86 N /mm 

J max 'll 5 


q 


q cu riA s / / Ys 


u 


2 


bS 


assume n=2 


4s =78. 5mm 2 =01 0 


1 01 0.98 _ 2*78.5*240/1.15 

2 300*S 


S=1 33. 1 9mm 


No. of stirrups/m = 1000 =7.5 Take Stirrups 8010/rrt 
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CO 


R.F.T. of the Frame 


Example 


For the given plan, it is required to: 


1 —Choose the suitable system to cover 
this Area. 

2— Design all Slabs and draw plan of Rft. 


3— Design the main supporting element North 

and draw details of Rft. 


ABC 


F.C. = 1 . 5 kN/m 2 ,L.L=0.5 kN/m 2 
f cu =32.5 N/mrri ,f =360 N/mm 2 

c/ 

Columns are only allowed on axes A,B,C 


54m 


15. Om 


15. Om 


Solution 


Use continuous frame 

t — =41 .94cm 

7 b 



take t=25 cm [20cm+5cm] , 

Q=tan 1 (^ 7 r)=26.57 

b.U 

w S rc=1 ■ 4( tsYc+F. C. + 2bh1c + 1 0*wt. of block ]+ 1 .6L.L. Cos0 
Wsv^l .4(0.05*25+1 .5+2*0.1*0.2*25+10*0. 1 5]+ 1 .6*0.5*0.89 


vl>su=8. 06kN/m Z 
W su/Rib= 0 - 5 * 8 - 06 7 = 4 - 03 kN/m' 
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(00 6 ) 




Page 




o 

o 


£ 


-k 

o 

o 


£ 







oro 



5ec. (1-1) 



220 



_ r /20.28*1 0 6 
H 500*25 

20.28*1 0 6 
0.826*360*220 

2<p 1 6/rib 


C 1 =5.46 
=3. 1 0 cm 2 /rib 


J =0.826 


Sec. (2-2) 


^4 S =2 <p 1 0/rib 

2] Reactions of slabs on beams 

\ 

R=y=w su -L- kN/m 
R=y=8. 06*6. 71/2=27. 04 kN/m 

I V 

3] Analysis of Ridge beam( 250*400) 



w=R+ o.w kN/m 

w=27. 04+0. 25*0. 40*25*1 .40 
w=30. 54 kN/m 

Rt =30. 54*2. 5=76. 35kN 

4]Design of Posts 


30.54 kN/m 


— — — -zr — — — — — a 

2.50m 2.50m 4 


Ri 


R =R i + o.w of Post 

pi J 
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5]Design of main system 



Link member j^l <e JSLiJI <jV 


Zi?r> 

Wf = o.w.+y+ 

Span 


kN/m 


w f =0.30*1 .30*25*1 .40+27.04+ 
w f =73.85kN/m 


12*82.91 

20.0 



82.91 /2kN 


82.91 /2kN 


6 














7 Ls 

z t 

Z 3 

z 3 

i 3 

zl 3 


, I, 

Z L3 

Z t 

Z ! 

Z 3 

c 

p 


00 




Z//////////z 

L. 


7777^^77777 

30. 00m 


7 3. 8 5 kN/m' 


6 


7 / 777 ^, 


00 









D 


Vz/s)}/ 


77777 * 7777 / 




777777777777 777777777777 777777777777 

, , 15.00m , 15.00m , 


-M- 


1.50 




0.3 


Ic = 


0.30*(-S- *1.30 )' 


12 


L = 


0.3*W-=0. 055m 4 


I c =0. 032m 
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For Joint a 




0.7 5( l c /h) 

(0.75 /)+(-/) 

0. 75*(0. 032/6. 00) 

0. 75*( 0. 032/6. 00)+ (0. 055/15) 


D.f =0.52 D.f = 1-0.52=0.48 

ab a c 

F.E.M.=73.85*15 Z /1 2=1 384.7 kN.m 


JjUjl* Frame Jl Jjvj 




73.85kN/m ' 

I I I I I I a 


Joint 

c 

a 

member 

ca 

ac 

ab 

D.F. 


0.48 

0.52 

F.E.M. 

1384.7 

-1384.7 

0.0 

Bal. M 

o . 0 \ 

yP 664.7 

720 

C.O.M. 

s' 

332.3 

v 0.0 

0.0 

Bal. M 

0.0 

0.0 

0.0 

^ final 

1717 

-720 

720 


1 5. 00m 


'////)/. 


77777777777 / 
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'/////////// , fV) '/////////// 


73.85kN/m' 


120 



1717 


120 


487.4 


N.F.D. 




0.3 


1 5. 00m 
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Sec. (1 — 1) 


M ul =171 7kN. m N u L = 1 20kN 


b=300mm , t=1 300mm 


N, 


u. 1. 


120*10 


btfc 


cu 


300*1300*25 


d=c 4 


Mu.i. 


1 v b*f 


cu 


1200=5 


1 


1717*1 0 6 
300*32.5 


=0.009<0.04 ( neglect N ul ) 


C 1 =2.85 * J=0. 74 




1.70 


N 


M u .i 


A = 1717*10 

s 0.74*1 200*360 

A =5371 mm =1 1025 

S 


Sec. (2-2) M ul =858kN.m 


N ul =120kN 

neglected 


1200 =C 1 


858*10 6 
300*32.5 


C f =4.0 & J=0.8 


A = 1_924J06^u7_ 
s 0.76*1 600*360 

A = 2483mm =7022 

S 

Sec. (3-3) ; = ?20kN. m 

A =6022 

S 


1.70 


N ul =120kN 

neglected 


4 


M u . i 



4 
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Sec. (4-4) 


M ul =720kN.m 


N ul =487. 4kN 


N, 


u.l. 


120*10 


Wc 


cu 


300*1300*25 


=0.038<0.04 ( neglect N ul ) 


A =6022 

s 

Check Shear 


Q cr ~ Q- 


max 




Q rr =620.3-73.85(^0_ +1^0 j 


2 


Q =S46.45kN 

^ cr 


9 = 


Q 


cr 


su bd 


q =0.24 

J-CU \ 


q =0.7, 

1 max ' 


— 546.45*1 0_ —j N/mrn 


300*1200 


32.5 


1.5 


= 1.12 N /mm? 


Qcu 


umax 


32.5 _ 


1.5 


3.25 N /mm 


q 


q CU TiA S jy / Ys 


u 


2 


bS 


assume n=2 


4 =78. 5mm 2 =01 0 


1.52 


1. 12 _ 2*78.5*240/1 . 15 


2 


300*S 


S=1 1 3mm 


No. of stirrups/m = 


1000 

S 


Take Stirrups 9010/ni 
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Design of Internal column 


N ul =620. 3*2=1 240. 6kN 



1.3*5.45 

0.8 


= 8.8 


^ bout 


1.2*6.25 

03 


-25 


unsafe 


Take b =35cm 

col 


X 


h our 


1.2*6.25 

0.35 


=21.4 


Column is Long outside plan. 


5 = ^ b out b 

b 2000 ■ 


21.4*0.35 

2000 


= 0.08 m 


M add =P-b b =1 240.6*0.08=99kN.m 


Nu.i. _ 1240. 6*10 3 =n Mu.i. 

btf cu 350*800*32.5 U ' 1 ’ b 2 tf cu 


6 


99*10 


-=0.03 


350 *800*32.5 


P<1 Take P = 1 

, 0.25+0.052*21 .4 o 0 -y n 2 

A Smin = — *350*800 =381 6mm 

1 6 (pi 8 
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R.F.T. of the Frame 


Example 


North 


For the given plan, it is required to: 

1 —Choose the suitable system to cover 
this Area. 

2— Design all Slabs and draw plan of Rft. 

3— Design the main supporting element 
and draw details of Rft. 

F.C. = 1 . 5kN/m 2 ,L.L=0.5 kN/m 2 

f cv =25 N /mm 2 , f y =360 N /mm 2 

J 

main 
system 


Columns are only allowed on perimeter 



Two way slab Uil ^JLc 



6.0m 



5.0m 


Stl 


4 



r - 0. 76*6.0 
5.33 
r*=1 .1 7 


=0.85 


a =0.43 
P =0.25 
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4 *5. 00m=20. 00m 



% 

O 

«*+. , 



oy v-i 






Strip 1 


Strip 2 



C£ w si 


A 

i 

A 

6.00 6.00 

K 

As 


A \ 


Load distribution 



Analysis of Ridge beam(250*400) 


2 Area 

W = O.W. + —r iZTZTZrW . 

bp an sz 


Rj — w*2.5— kN 


Ri 



"7T "7T 

2.50m 2.50m & 
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Design of Posts 


R =R. + o.w of Post 

jpl J 

Analysis of Y—beam 


W = O.W. 


ZAre a 

~f ps VJ ■ 

Span si 


R i RRsp 
Span 



R y =w*6. 0 = JcN 

Analysis of Frame 


Ry 



US' FrameM 


r* r 



By Eng. Ezz El-Din Mostafa & Eng. Yasser M. Samir 


Example 


For the given plan and cross— section, 

F 

Columns are allowed on the perimeter only 

it is required to: 

1— Draw structural plan and cross 

section to show all concrete elements. 

2— Show How to solve main systems 



( 7 . 00 ) 


(o.oo) 


Sec. (1 — 1 ) 


Solution 


4 J i U’i 





J 


lHJ 


^1 


_ 


^ 


/ 

^ 


Frame 


Frame 


Frame 


Frame 


Frame 


Frame 


Frame 





-F 

~F 


^ ^ ^ 
l I l 



* * * 
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8*5. 00=40. 00m 


H9 


H® 
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5*4. 00=20. 00m , 4*5. 00=20. 00m 
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( 7 . 00 ) 


1 y// ////// ////// ////// / wm. 


* 

p 

o 

o 

II 

p 

o 

o 




Co 

CO 

0 

Co 

1 

Co 
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( 7 . 00 ) 


For Frame(2) 


heavy frame 


/ 

/ 



(*jj <_sj-Cw*oJ I jJhj (Space frame) ^ (jSjjJuJl 

(Neoprane plate) J-c. clcu^j 


Pi P*2 P*2 P*2 P*2 P*i 


7.00 



20. Om 


7.00 


"I I I IV I I I N/ I I I I I I M I I M’ 


w 




Virtual work 
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Solving using virtual work method 
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For heavy frame 



<L Lki (heavy frame) o ^ 


4 ^ 1 j 


b=40cm, Yq = f§ 
w a = w e =1 c b(t-t s )*1 .40+ 


=2. 00m 

£ Area , £ Concentrated loads 
Span ^ Span 


Where Concentrated Loads are the loads from secondary 
Beams Sc Frames 


w a =w e 





(Moment Distribution) 


I JLp«JLoL) 4_Lo 


r 



— 



N F D 

77777; ±1 .J. • i-' • 

M! 






0 jp n 

kJ • 1 •U* 77777 
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